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Abstract
The performance and applicability to food concentration of heat pump were investigated. During heating
the water of spa from 43°C to 51°C, COP’s of heat pump (R-12, 150 HP) were 4.03 at heating part and 3.5
at cooling part. And, the efficiency of compressor () was 0.477. While the city water was heated to 39°C
by heat pump (R-22, 10 HP), its COP’s were 3.0 at heating part and 1.87 at cooling part. During concentra-

tiong sucrose solution by centrifugal evaporator (ALFA-LAVAL CO, CTIB) with heat pump, heat capacity

for condensating water vapor was required greater 15% than the latent heat for concentrating and then the

overall heat transfer coefficient was 1196 Kcal/m*. h. °C. When low temperature concentration (30-35°C,

28-40 Torr) of garlic extract was carried out by the water of 60°C and 15°C adjusted by heat pump, the ratio

of heat capacity for concentrating vs. that for condensating of water vapor was 0.961.
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Fig. 1. Heat pump cycle of water-water type
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Fig. 2. General View of Centri-Therm Evaporator

1. Heat pump 2. Hot-water tank 3. Cold water tank 4.
Evaporator 5. Cone 6. Sub-heat exchanger 7. Motor (1HP)
8. Condenser 9. Heat exhanger 10. Feeding pump 11.
Discharging pump 12. Vacuum pump 13. Condensed
water pump 14, 15. Hot-water pump 16. Cold water pump
17. Material tank 18. Vacuum gauge 19. Thermometer
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Table 1. Results of performance test of heat pump for heating water of a spa

Condenser (heating part) Evaporator (cooling part) Operating condition
No. Temp.at Temp.at Feeding Acquired Temp. Temp.at Feeding Ac- High  Low Consump- CO.P COP Com-
of inlet outlet rate of calorie  at outlet rate of  quired pressure pressure tionof  of of pressor
trial  (°C) (°C) water  (Keallhr) inlet  (°C) water  calorie fkg/Cm) (kglem?) electri-  heating cool- effic-
of a °C) of a {Kcalfhr) calpo- part  ing  iency
spa spa wer (kwh) part  fa)
{/min { fmin)
1 46 5 260 78000 372 215 1145 66.348 135 45 22.1 410 349 0485
2 46 50.8 262 75456  37.2 276 115 66,240 134 44 221 397 348 0469
3. 46 51 2605 78,150 371 215 114.7 66.067 135 45 222 409 346 0484
4 46 50.9 261 76,734 371 274 115 66.930 13.5 44 22.3 400 349 0473
5 46 50.8 262 75456  37.2 274 115 67,620 13.5 44 219 401 359 0473
Aver-
T 46 509 2611 76750 32 215 1148 6664l 135 44 221 403 350 0477

age
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Table 2. Results of performance test of compression type heat pump
Cond heati L i Operating
. ndenser(heating part) vaporator{cooling part) condition
0.
¢ Water Water Feeding Acquired Water Water Feeding Ac-  High Low Consump- C.O.P C.0.P Com-
tri(:d temp. at temp. at rate of calorie  temp. at temp. at rate of quired pressure pressure tion of of of pressor
inlet outlet  water (Kcal) inlet outlet  water calorie (kg/em®) (kglom®  electri-  hea-  coo-  eff-
°C (°C) (¢ /min) °C) (°C) {min)  (Kca cal power ting ling  iciency
(Kwh) part part {a)
1 35 39 85.7 20,568 25 21 52.8 12672 15 25 75 319 196 0518
2 37 41 " 4 " " 4 " 15.8 3.0 75 319 196 0505
3 39 43 " " " " " i 17 3.0 78 3.07 1.89 0.502
4 41 45 " " " " " " 18.0 3.2 8.1 295 1.82 0.4%
5 433 47 " 19.025 " " " " 185 34 855 259 172 0426
Aver- - - ;
age 39 43 85.7 20,259 25 21 52.8 12,672 169 3.0 7.84 3.0 1.87 0491
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Table 3. Results of concentration of sucrose solution by heat pump

Checking Evaporation Evaporation Material  Heated Cold Evapor  Sugar The calorie (A)+(B) The calorie

time temp. pressure temp. at  water water ation con- of con- =({C) of ¢on-

(min) (°C) (Torr) the heat  temp.at temp.at rate (B) tent sumption at (Kcal/kg) sumption at
exchanger, the heat  the heat  (g/10min) (Brix) concentra condensa- A/D
inlet/outlet exchanger, exchanger, rion(A) tion(D)

(°C) inlet/outlet inlet/outlet (Kcal) (Keal)
°0) (°C)

0 31 31 28.5/57 60/56 16.5/25 - 4.0 — — — -

10 32 31 30/56.5 60/56.5  16.5/26 750 4.6 454.5 606 450 1.01
20 32 31 3157 60/57 16.5/26 760 5.3 4455 586.2 475 0.938
30 32 31 31/56 60/56.5  16.5/25.5 760 6.4 441.0 580.3 4625  0.954
40 32 31 31/56.5 60/56.5  16.5/26 755 8.0 436.5 578.1 4625  0.94
Average 32 3 31/56.5 60/56.5  16.5/25.7 756 - 444.4 587.7 462.5  0.962

* Heated water temperature: 60°C
Material feeding rate: 1.8 £/min

Heated water feeding rate at the heat exchanger: 14 ¢/min

Cold water feeding rate at the heat exchanger: 5.0 £/min
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Table 4. Results of low teraperature concentration of garlic extract by heat pump

Checking Evapora- Evapora- Material Heated Heated Cold Exapor- Sugar  Theca- (A):=(B) The calorie
time tion tion temp. at  water water water  ation content lorie =(C) of con-
{min) temp.  pressure the heat temp.at temp.at temp.at rate (B) (Brix) of con- (Kcal/kg) sumption at
(°C) (Torr)  exchanger the heat the the heat (g/15 min) sumption at condensa- A/D
(inlet/ exchanger sub-heat exchan- concentr- ation (D)
outlet) (inlet/out- exchanger ger ation (A) (Kcal)
let) (°C) inlet/out- inlet/out- (Kcal)
let) (°C) et} (°C) °C)
0 30 28 26/46  60/50 60730  16.8/22.5 - 27 - — - -
15 30 28 26/46  60/50 60/30  16.8/22.5 11808  29.7 706.5 598.3 7182  0.984
30 30 28 " " " " 11981  33.0 " 589.7 " "
45 3 28 27146 " 60/31 " 11617 371 683.3 588.2 " 0.951
60 31 28 " 60/50.5  60/31 " 1160.1 423 678.8 585.1 7182  0.945
75 3 28 " " " " 11635  49.2 678.8 583.4 7182 0945
Average 305 28 26.5/46  60/50 60/30.5 16.8/225 11725 — 690.8 588.9 7182  0.961

* Heated water temperature: 60°C
Material feeding rate: 0.6 {/min

Heated water feeding rate at the heat exchanger: 2.5 {/min
Heated water feeding rate at the sub-heat exchanger: 1.25 ¢/min

Cold water feeding rate at the heat exchanger: 8.4 ¢/min
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